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ON  TR!C  NBW  fORMlTLA  OF  TEH  INTENSITT  07  RADUTXON  AlH)  NEW  CHARACTERISTICS 

OF  THE  TRAIJSPARENCT  C7  'JTHE  AlH 

^7 

Kh.  K/urlc 

In  actinometry  there  are  ueed  varloue  fomulas  for  determining  the  di<- 
rect  radiation  of  the  sun  in  the  cnee  of  atmosphere  of  ineariable  transpar¬ 
ency. 

Some  of  these  formulas  were  obtained  empirically,  and  some  of  them  then* 
retically. 

In  the  latter  case  one  starts  generally  with  the  weakening  of  the  mono¬ 
chromatic  radiation  in  the  atmosphere*  The  intensity*  however,  of  the 
integral  radiation  is  found  by  the  monochromHt^c  radiation. 

In  the  present  report  the  auth;>r  derives  a  rformula  of  the  intensity  of 
the  integral  radiation  somewhat  differently,  namely,  assuming  that  the  coeffi¬ 
cient  of  the  weakening  of  the  integral  radiation*  with  invariable  transpaz>- 
ency  of  the  atmosphere,  is  a  f\xnction  of  the  number  of  masses  m.  After  deter¬ 
mining  the  suitable  conditions  relative  to  the  weakening  of  the  integral  ra^ 
diatioD  it  was  possible  to  derive  a  formula  of  intensity  eiifficiently  well 
in  agreement  with  actuality*  This  formula  contains  a  magnitude  almost  Ind^ 
pendent  of  m,  which  one  can  make  use  of  as  a  new  characteristic  of  the  at¬ 
mosphere* 

Let  the  coefficient  of  the  weakening  of  the  integral  radiation  of  the 
sun  in  the  atmosphere  be  k*  whereby  k  corresponds  to  a  certain  unit  of  the 
number  of  masses.  By  assuming  that  k  under  invarMble  transparency  depends 
on  the  number  of  masses  m  one  can  write  the  equation  for  the  integral  radiation: 

dS^^kim)^  (i) 

By  Integrating  this  equation  in  accordance  with  m  within  the  limits 
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fro*B  to  n,  va  obtain 


f  ?  T  * 

— 5«,cxp|^  — j  k{n)dnY 


On  th«f  other  hand  It  !■  Icnown  that  the  Intensity  of  the  Integral  radia¬ 
tion  .under  iD'/arlable  transparency  is  expressed  by  the  Intensity  of  the  mono¬ 
chromatic  radiation  in  the  following  fashion 

CO  •  • 

vboro  Sq  ^  reprecontc,  At  corroopondt  to  tho  lex^th  of  the  ware  the  inten<- 
•  Ity  of  the  radiation  on  the  upper  boundary  of  the  atmoipheree  and  Jc;^ie  the 
coefficient  of  weakening  corresponding  to  the  length  of  the  ware 
from  tie  eouationt  (2)  and  (3)  wc  obtain! 

For  dotennlnlng  k(in}  we  will  differentiate  this  expreeelon  In  accord- 
dance  with 


m  i  '  • 

•  Sm,  exp  I  —  J  A:  (>i)  tf/i  j  A  (m)  —  —  J  Au  exp  ( ~  m)  <il  / 


I3b) 


I 


5ojiexp(~Ajm)</l, 


(8) 


Hence  ;•  ,  « 

- { 

?he  equation  (^)  determines  the  dei^endence  of  k  on  m  in  invariable  trane- 


parency.  Hence  it  is  possible  to  draw  some  conclusions! 

kl  =  constp  ie  e*  •  the  weakening  of  the  radiation  is  not selectivet 
\ 

then  the  coefficient  of  the  weakening  of  the  integral  radiation  of  the  Inte¬ 
gral  radiation  r  const*  Under  selective  absorption  and  dispersion 
the  coefficient  of  wsakeninf  of  the  integral  radiation  depends  on  m* 
Consequently  the  assusotion  made  in  the  derivation  of  the  formula  (1) 
that  k  deoends  on  n  it  correct* 

2.  In  accordance  with  the  formula  (4)  k(m)  are  Jetemined  by  8^^;^  and 

-v 

X*  a  result  of  the  fact  tliat  the  dependence  of  8^  and  k;t  on  Ale 
composite,  in  the  determination  of  k(m}  we  co.7ie  up  against  great  difficulties. 
In  taking  the  formula  (4)  it  is  necessary  to  have  recourse  to  great  sl»« 
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pllficatlons  relative  to  and  a®  a  result  of  which  there  la  haela 

for  doubt  at  to  the  correspondence  of  the  re suit a  of  the  calculation  with 
actuality. 

In  this  report  In  determining  proceeding  from  the  Indicated  assuap- 

tlons.,  there  Is  derived  the  corresponding  expression  for  and  found  the 

I 

corresponding  formula  or'  the  Intensity  of  direct  radiation.  In  comparing 
the  results  of  the  cocputatlons  by  this  formula  with  the  actually  measured 
Intensities  one  can  Judge  as  to  the  agreement  of  the  assumption  made  with 
the  actvial  facts. 

Let  us  Introduce  the  following  assiunptlons  relative  to  the  earth’s  at¬ 
mosphere  from  the  point  of  vlrw  of  the  weakening  of  the  radiation; 

1.  The  atmosphere  consists  of  layers  In  which  the  amount  of  substance 
weakening  radiation  In  the  horizontal  direction  Is  constant,  and 

2.  In  the  Indicated  layers  the  amount  of  substance  weakening  radiation 
does  not  change  in  the  course  of  the  period  under  consideration*  for  example* 
e  day.  This  condition  Is  identical  with  the  requirement  of  the  Invariable 
transT>arency  of  the  atmosphere. 

In  considering  the  real  atmosphere  from  the  point  of  view  of  the  coiv- 
ditlons  mentioned  one  should  note  that  the  air  layers  which  .are  next  to  the 
surface  of  the  earth  contain  some  kind  of  a  substance  which  weakens  the  rs^ 
diatlon  ununlformly.  This  circumstance  affects  the  weakening  of  the  radi¬ 
ation  In  proportion  as  the  path  of  the  beam  In  the  layer  under  consideration 
Is  greater  and  as  the  gradient  of  the  amount  of  substance  weakening  the  r^ 
diatlon  Is  greater.  The  first  depends  on  the  thickness  of  the  layer  and 
on  the  height  of  the  sun*  the  second*  hov/ever*  on  the  homogeneity  of  the 
soil  and  on  local  factors. 

Over  a  more  or  less  uniformly  covered  surface  In  the  absence  of  sources 
of  smoke  or  dust  with  the  sun  as  high  as  possible*  one  may  consider  that  the 
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air  layer  next  to  the  earth' •  cruet  wealcene  the  radiation  uniformly. 

With  the  increnee  in  the  height  the  effect  of  the  toll  and  locril  factors 
decreaeee,  and  at  the  eame  time  the  gradient  of  the  aubetance  which  wealcens 
the  radiation  of  the  air  layers  remains  more  uniform. 

With  regard  to  another  condition,  under  certain  condltlone  of  the  weather 
in  the  course  of  a  short  interval  of  lime  one  can  aleo  consider  the  transpaiv 

In  conclusion  one  may  cay  that 
in  real  atmosphere  under  certain  eltu- 
ations  the  above-mentioned  conditions 
are  observed. 

With  the  nximber  of  masses  m  let 
the  coefficient  of  the  weakening  of 

Intensity  of  direct  solar  radiation  (16) 

the  integral  radiation  in  the  layer 
under  consideration  he  k^,  and  the  number  of  masses  with  the  lowering  of  the 

height  of  the  sun  be  increased  to  the  magnitude  Since  depends  on  n 

s 

it  also  changes  by  some  value  dk^^.  Let  us  assume  that  tiie  decrease  in  the  • 

coefficient  of  weakening  is  proportional  to  the  relative  increase  in  the 

number  of  masses  ~  (yiC-  ^  ' 

"  (5) 

In  that  case 

where  is  a  magnitude  not  det>endent  on  m. 

By  integrating  the  latter  expression  in  accordance  with  m  we  will  get: 

—  S|  in  /n  (6) 

One  can  determine  the  constant  integration  of  from  the  condltiont 

with  m  r  1  let  us  take  ^  z  In  that  case 

kim.Ai  —  B,\nm.  .  (7) 

.  .  .  ^ 

If  the  atmosphere  consists  of  n  layers  the  coefficient  of  weakening  of 


cncy  of  the  atmosphers  as  constant, 
.  .  -  »c(»n) 


U 


m)-TT-63-178/l  4  2 


the  whole  ataotpbere 


m  .  m 

<sl  *  is|  Smt 


By  designatiag 


2;a=am 


M 


*s| 


we  get; 


4(m)«44  — BInm.  (8^ 

By  Buhstutlng  in  the  formula  (2)  inetead  of  k(m)  the  respective  expression 
from  the  formula  (8)  we  get:  ^ 

*=  top  J  — fl In /ii)4£ef ^ .  (9) 

By  performing  the  integration  in  the  exponent  and  designating 

ve  «*t; 

A.- s^«i— pu: 

This  formula  is  noticenhly  simplified  if  we  take  Sx  *  * 


S.>=Aai— 'm»- 


02) 


or 


By  comparing  the  formula  (12)  with  Bouguer's  formula 


we  see  that 


£i 


m 


-j  — 5ii5  M  ^15), 


By  taking  m  r  1  we  reveal  the  physical  essence  of  a^;  then  r  px,  i.  e* , 
ax  is  the  coefficient  of  the  transparency  of  the  air  with  m  s  1. 

Keeping  in  mind  the  latter  one  may  write  the  formula  (I3)  in  the  fol* 
lowing  fora;  (16)  ; 


The  formula  found  contains  two  unknowns*  px  and  B*  for  the  finding  of 
which  one  should  determine  the  value  of  the  intensity  for  two  numbers  of 
masses,  Tor  facilitating  the  computations  by  the  formula  (16)  a  corre* 
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Pi 

o.uod 

0.000 

0.000 

u.uoo 

0.002 

0.000 

04)03 

Pt 

0.005 

0.000 

0000 

-1002 

0.000 

0.000 

St  aoo2 

Pm 

—0.002 

-0.006 

—0.004 

J.OOO 

0.003 

0.000 

±ojooa 

Pi 

— a002 

— 0i)03 

-0.002  1 

1003 

0.003 

onoo 

^OflB|:taoa3 

?he  valxie  B  which  depends  on  the  transparency  of  the  atmosphere •  and 
determinable  by  the  formula  (16)  can  be  used  as  a  new  characteristic  of  the 
atmosphere,  ^e  physical  walue  B  is  apT>arent  from  the  formula  (5)*  B  shows 
the  decrease  in  the  coefficient  of  weakening  k  if  the  relatiwe  change  in 
the  number  of  masses  ^  c  !• 

By  comparing  B  of  the  real  atmosphere  with  B*  of  the  ideal  atmosphere 
^Translator's  note:  The  text  has  the  references  numbered  incorrectly. 
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(17) 


one  can  determine  the  new  characterlitic  ol  transparency  T  r 

More  detailed  data  relatlye  to  9  are  glyen  In  the  article  by  the 
author  LZJ.  *  * 
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